ABSTRACT. Consumer properties of the thermal and electric energy which are the products at energy markets yield interconnections that have significant impact on the laws of energy consumption. When physical or price restrictions of the thermal energy supply are present at the power markets, the shortage of energy can be compensated by an increase in electricity consumption. At the same time, it appears that the interconnection of heat and electricity consumption largely determines the model of ower supply organization. Our paper analysed social and economic properties of the energy market. We show that in the case of separate production of heat and electric energy, these products yield the properties of substitutes for the consumers at the energy market. Our results show that heat and electric energy are interchangeable and the increase in the cost of one of them leads to its replacement by the other. At the same time, we find that for the countries with the welldeveloped combined production of heat and electric energy from the same energy source (the so-called cogeneration) which is typical for countries with a cold climate, the interrelationship between heat and electricity acquires a complementary nature, and the rise in prices for one commodity will not necessarily lead to a significant increase in demand for the other.
Introduction
Electricity and heat are used at energy markets, but they represent a special type of consumer goods with continuous production and consumption. Under the conditions of developed market relations, these goods are characterized by the complex nature of their Shindina, T., Streimikis, J., Sukhareva, Y., Nawrot, Ł. (2018) . Social and Economic Properties of the Energy Markets. Economics and Sociology, 11(2) , 334-344. doi:10.14254/2071-789X.2018/11-2/23 consumer properties' interrelationships. On the one hand, they are substitute goods in relation to each other, with the distinctive feature of increased demand for one product along with an increase in price for another. with such interchangeable goods, a shortage or price increase of thermal energy leads to an increase in demand for electricity and, consequently, to an increase in its price later. On the other hand, with a certain model of organization of energy supply to consumers, electricity and heat can also have the properties of complementary goods, when the growth in demand or price for one product will also lead to an increase in demand and price for another one.
The most common case of organization of consumer energy supply, when electricity and heat can have consumer properties of complementary energy products, is organization of their joint production at a combined heat and power plant in an inseparable, combined cycle. In this case, heat and power supplied to the consumer are simultaneously produced at a combined heat and power plant in a single technological process. The growth in demand for heat energy, produced in conjunction with electricity in a combined cycle, is achieved by reducing fuel costs, which can be more than 2 times lower when produced on a separate thermal source (boiler house). Accordingly, increased demand for combined heat energy will also lead to increased demand for the electricity generated in the same cycle of production. And vice versa, if the demand for combined electric power is reduced in the power system, this will also lead to a reduction in the production of combined heat energy.
Lack of adequate accounting and analysis of the complex interconnection of consumer properties of electricity and heat leads to the emergence of cross subsidies in the energy sector of various countries, which has a devastating impact on the energy product markets and leads to the introduction of inefficient solutions, both in production and in consumption of energy. Ultimately, this causes a constant increase in the cost of energy products' provision to consumers, despite the efforts made by states aimed at increasing the economy of energy production and reducing fuel costs, including the efforts to increase the share of combined electricity and heat production.
Literature review
Recently, many countries have been actively discussing the issue of expanding the share of cogeneration of energy products, caused by the need for a significant reduction in fuel consumption in the energy sector (Konova et al., 2012; Lisin et al., 2014; Zlyvko et al., 2014; Wissner, 2014; Lisin et al., 2016; Sayegh, 2017; Werner, 2017; Samarina, 2018; Simionescu et al., 2017) . It should in turn lead to an increase in the complementary relationship between electricity and heat as goods in energy markets (Kasperowicz et al., 2017; Pinczynski et al., 2016; Štreimikienė et al., 2016; Strielkowski et al., 2016; Ushakov and Kharchenko, 2018) . Figure 1 that follows shows the assessment of the potential for cogeneration development in various countries of the world including BRICS countries, United States, Japan and major EU Member States.
Nowadays, the combined production of energy products with the organization of centralized heating for consumers is used to solve energy supply problems in many countries. At the same time, the share of cogeneration in the total volume of electricity and heat production ranges from 5% to 50%, depending on the country. At the same time, practically all countries have a significant reserve for increasing energy efficiency by increasing the share of cogeneration in the production of heat and electricity.
The greatest distribution of cogeneration and district heating in countries with cold climatic conditions, which is due to a large number of heating days, associated with a prolonged winter and autumn-spring period. However, centralized heat supply based on cogeneration sources also found application in the southern countries (especially in Italy and France), which is connected with the peculiarities of planning the development of local power supply systems for consumers and the existing significant deficit of fuel resources.
Cogeneration is widely represented in Russia, China, and in the EU countries (the "old" Member States represented by Germany, United Kingdom, France, and Italy). In the United States and Canada it has not been widely used despite the presence of territories with a cold climate. In Russia the share of central heating is 80%, China -55%, Denmark -40%, Finland -35%, in the USA -4%, Canada -1%. It is the scale of the development of centralized heat supply systems, in the first place that determine the potential for the use of cogeneration and its possible role in the energy supply of consumers. Russia is characterized by the world's largest district heating system, covering more than 70% of the population (Lisin et al., 2015; Stennikov et al., 2016; Lisin et al., 2018; Ushakov et al., 2017) . Such a large-scale development of the centralized heat supply system is conditioned by a long heating season in the country (80% of the territory is located in severe climatic conditions). Its main production facilities are concentrated in large cities and settlements.
Combined energy production is carried out at the CHP (Combined heat and power plant) with a share of about 37% in the volume of energy production. The average functional time of the CHP is about 30 years, which affects their economy. Despite this, the fuel utilization factor at the CHP is about 52%. The share of natural gas is 72%, coal -22% in the structure of fuel consumption for heat production. Now, the development of cogeneration production in the country is not attractive to investors, which is due to the loss of CHP in the electricity and heat markets. The reason for this is the conducted reform of the electricity market, not taking into account its relationship Tatyana Shindina, Justas Streimikis, Yevgenya Sukhareva, Łukasz Nawrot with the heat market. It significantly reduced the competitiveness of CHP in both markets, despite their profitability (Naoumova, 2015; Lisin et al., 2016) .
The deterioration of heat networks and the inefficient use of cogeneration sources led to a significant increase in the cost of thermal energy, which had a considerable impact on consumers due to the high social importance of heat supply. The heating costs of the population make up about 50% of the cost of housing and communal services and continue to grow. Since the heat market is one of the largest single-product markets in the country, the consequences of this process have a significant impact on the economy. Thus, some of the population's expenses are shifted to the industrial consumer through cross-subsidization, and also covered from the budgets of regions and municipalities.
Unfavourable trends in the development of cogeneration are associated with a discrepancy between the centralized heat supply systems -created during the planned economy -and the market principles of the energy complex functioning. Despite this, cogeneration and district heating will continue to occupy a leading place in the structure of production and supply of energy products to consumers.
China has the second largest district heating system in the world, covering 70% of the territory and 17% of the country's population (Gong et al., 2015; Li et al., 2015) . The main users of centralized heating systems are Northern provinces.
The share of cogeneration in heat production within the framework of centralized heat supply systems is about 47%, in the production of electricity -20%. In recent years, the length of thermal networks has been constantly growing, which leads to an increase in the volume of the market for thermal energy based on centralized heat supply systems by more than 5% per year.
The country implements the target program for the development of cogeneration based on CHP, which led to the commissioning and reconstruction of 90% of the installed capacity of the CHP plant over the past few decades. Thus, cogeneration in the country is characterized by a sufficiently low coefficient of wear and high efficiency. At the same time, the main fuel in the production of heat is energy coal (90%) (Wu et al., 2014; Lei et al., 2018) . Similar to Russia, most of the district heating systems in the country are formed on the basis of a highcapacity CHP plant. At the same time, they are primarily focused on heating without providing hot water services. Local authorities are responsible for the organization of heat supply. The market of heat energy is liberalized, and many small enterprises are involved in the provision of heat supply services. This led to the fact that heat networks and heat sources develop in the absence of coordination with the plans and obligations of municipalities to develop central heating.
Relatively high rates of industrial growth in the country contribute to the widespread distribution of central heating systems based on CHP. Recently, centralized heat supply has covered the eastern and southern provinces of the country (Jiangsu, Zhejiang, etc.). The introduction of the mandatory development of municipal plans for the development of central heating systems and the consolidation of heat supply enterprises will increase the economic attractiveness and scale of the development of central heating on the basis of the CHP and will contribute to increasing the efficiency of joint generation of heat and electricity.
EU Member States are characterized by a different concentration of cogeneration in the production of energy products, which is caused by the difference in the history of the development of national energy, strategic priorities, the availability of natural resources and climatic conditions. Figures 2 and 3 reflect trends in the development of centralized heat supply and cogeneration systems based on it in these countries. The largest share of cogeneration in the structure of energy production belongs to the countries of Eastern and Northern Europe. Compared to other EU countries, their power systems produce approximately 10% more electricity at cogeneration plants, and their share in electricity production reaches an average of 20%. At the same time, the share of centralized heat produced in the cogeneration mode is much more significant and varies from 35% to 95% depending on the country.
In general, in the EU, cogeneration maintains its stable position in the electricity and heat markets. In a number of countries (Germany, Austria, Italy, Hungary), combined power production is growing supported by the national programs for the development of small-scale cogeneration plants (mini-CHP) and the formation of new schemes for central (district) heating (Aste et al., 2015; Keles et al., 2016; Webb, 2015; Comodi et al., 2017; Sayegh et al., 2017; Tvaronavičienė et al., 2018) .
The potential for the development of cogeneration in the countries of the western, southern and central parts of the EU is related to the development and implementation of new district heating schemes based on mini-CHP plants and a qualitative increase in heat production in the combined cycle. For the eastern part it is optimization of the existing legacy of post-Soviet times in the form of high-capacity thermal power plants and based on them large central (district) heating systems.
Methodological approach
The substitutional and complementary nature of the consumer properties of heat and electricity, reflecting their interchangeability and complementarity for consumers, can be investigated based on the analysis of the cross-elasticity coefficient:
( 1) where , -the price of thermal energy and its increment, , -volume of electricity consumption and its increment.
In this case, the cross-elasticity coefficient reflects the change in the volume of demand for electricity along with a change in the price of heat. If electricity and heat for the consumer are in the energy market by substitute goods, the rise in heat prices will lead to a significant increase in electricity consumption. In case if electricity and heat are for the consumer complementary goods, the increase in the heat price will cause either a reduction in energy consumption for two energy products at once, or the preservation of the established consumption structure.
Thus, in order to analyse the cross-elasticity of demand for electricity with a change in the heat price, several correlation and regression models were developed ( Table 1) . Source: Own results.
The first two models represented in Table 1 reflect the stochastic relationship between the price of energy products and the volume of consumption. The last model demonstrates the effect of changes in the ratio of prices for electricity and heat to a change in the ratio of volumes of consumption of these energy products. The relationship between heat and electricity demand and prices is described by the non-linear pair correlation coefficient.
Results and discussions
In order to analyse the complex relationship between the consumer properties of heat and electricity, an analysis of time series reflecting the dynamics of changes in the volume and cost of energy production relative to each other for different countries of the world was conducted (Figures 4 and 5) . For EU countries and China, electricity consumption volumes exceed the amount of heat consumption, while for Russia the opposite is observed. This is due to the country's harsher climate, as well as the pattern of energy consumption with a significant proportion of the population in it. wide spread of cogeneration production also contributes to it, which, with the technologies used in the country, usually produces heat several times more than electricity to ensure significant fuel economy.
For all countries, except Italy, there is an increase in consumption of electricity volumes over heat consumption. Such significant differences in the dynamics of the proportions of electricity and heat consumption for a given country are due to the process of reducing industry (thus increasing the share in the consumption structure of the population) and implementing a program for connecting city residents to central heating systems to make heating more affordable for the consumer.
In case the majority of countries in our sample, electricity consumption volumes increase comparing to heat consumption, while the proportions of prices for these energy products, on the contrary, decrease. This is due to the growing competition in the electricity markets and the formation of global sale markets, while local heat markets are monopolistic. Thus, heat prices in the world grow more than electricity prices. In some countries, such as China, the cost of heat for the consumer has already exceeded the cost of electricity.
A partial exception to the revealed regularity is the dynamics of the proportions of prices for electricity and heat in Russia, where the correlation between energy prices is roughly the same. This is explained by the wide spread of cogeneration and, correspondingly, by the significant dependence of heat and power production, which leads to the fact that with the growth of costs for the production of one of the products, costs will also increase for the development of another. Another reason for this phenomenon is the weak development of competition in the electricity market, which is characterized by oligopolistic nature, with strict state regulation of prices for heat. Figure 6 that follows shows a joint analysis of changes in the proportions of volumes and prices for heat and electricity. The dependencies shown in the graph (Figure 6 ) allow us to conclude that for countries with a developed and developing centralized heat supply system and combined heat and power production, an increase in heat prices comparing to electricity does not lead to a significant reduction in heat consumption due to substitution of electricity by consumers. In this case, such countries include Russia, China, Germany and Italy. Particularly indicative are the results for Russia, where consumption of heat exceeds electricity consumption, and cogeneration is most widely represented in the structure of energy production. And, on the contrary, for England and France, there is a clear dependence of the reduction in the volumes of heat consumption with a decrease in the price for electricity. For England, this dependence is smoother due to less availability of heat for consumers from heat supply systems, which leads to a significant range of changes in electricity prices.
Conclusions and discussions
The study of cross-elasticity of demand for heat and electricity for various countries of the world represented by BRICS countries, USA, Japan and selected EU Member States demonstrated that thermal and electric energy as goods on energy markets are characterized by a complex interconnection of their consumer properties that have a significant impact on the rules of their consumption. The increase in the price for heat can lead to an increase in demand for electricity, or not significantly affect its change. It was revealed that in many respects this is due to the model of organization of energy supply of consumers adopted in the country.
With a separate model of production and supply of consumers with thermal and electric energy adopted in the country, these products acquire the properties of substitute goods for the consumer in the energy market, when, with an increase in cost per one energy product, it can be replaced by another. At the same time, for countries with a well-developed joint production of heat and electricity at one energy source and centralized power supply to consumers, the interrelationship between heat and electricity acquires a complementary character, and the increase in the price of one product does not lead to a significant increase in demand for another.
The explanation of the relationship between the consumer properties of electricity and heat is particularly important for understanding the rules of heat and electricity consumption in order to develop an efficient energy policy in the country and a model for the development of the national energy system. The admitted omissions in the energy policy lead to crosssubsidization of production and consumption of heat and electricity and the destruction of energy markets. As a result, consumers' expenses for self-sufficiency in energy production are constantly growing, despite the efforts made by the state to improve the economy of energy production and reduce fuel costs.
